Non-geometric flux-scaling vacua provide promising starting points to realize axion monodromy inflation via the F-term scalar potential. We show that these vacua can be uplifted to Minkowski and de Sitter by adding an D3-brane or a D-term containing geometric and non-geometric fluxes. These uplifted non-supersymmetric models are analyzed with respect to their potential to realize axion monodromy inflation self-consistently. Admitting rational values of the fluxes, we construct examples with the required hierarchy of mass scales.
Introduction
to N = 1 [22] . Recently, it was explicitly shown in [23] that the same potential also arises by appropriate dimensional reduction of double field theory on a CY three-fold equipped with fluxes. In fact, it turns out that the latter also includes a D-term potential that emerges when there are abelian gauge fields present coming from the dimensional reduction of the R-R four-form on an orientifold even three-cycle of the CY [24] .
It is important to note that, throughout the work [4] , it was assumed that the flux-scaling AdS vacua could be uplifted to Minkowski or to de Sitter vacua, for instance by introducing an D3-brane as in the KKLT scenario [25] . As a fairly new and significant development, it has been recently pointed out that this often employed D3-brane uplift mechanism can be described within supergravity by a nilpotent superfield [26] [27] [28] and the vacua are argued to be metastable [29] . However, in [4] , for one concrete example it was shown that a naive uplift of fluxscaling AdS vacua by introducing an D3-brane in a warped throat does not work. Indeed, by increasing the warp factor, the minimum got destabilized before the cosmological constant vanished. However, for string theory to provide a reliable description of inflation, it has to explain the cosmological constant in a selfconsistent compactification.
In the past years, potential realizations of dS vacua in string theory have been intensively studied from different perspectives [25, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Both analytical and numerical approaches have been followed to construct metastable dS vacua. Moreover, as a useful guide, no-go theorems have been derived in the context of the type II [40] [41] [42] [43] [44] [45] [46] [47] [48] and heterotic [49] [50] [51] superstrings.
One of the loopholes of these no-go theorems is the restriction of the fluxes to those visible in supergravity. However, by arguments based on T-duality [52, 53] and the developments in generalized geometry and double field theory [54] [55] [56] [57] [58] it has become clear that there might also exist so-called non-geometric fluxes. For instance, the ST U -models [59] [60] [61] [62] [63] were analyzed in much detail for realizations of dS vacua via the introduction of T-and S-dual non-geometric fluxes.
Since the question of uplifting is clearly a very important unsettled issue in the flux-scaling scenario, it is the purpose of this paper to investigate this problem more closely. First, for the D3-brane case we will find that adding the tension of this brane to the flux induced F-term potential can lead to new flux-scaling solutions that are of Minkowski/de Sitter type. Second, as mentioned above, for h 21 + > 0 there is an additional positive semi-definite D-term contribution to the scalar potential [23, 24] that in principle could also help with increasing the cosmological constant at the minimum. We will show that this alternative also works. Let us emphasize that these are not continuous uplifts of initial AdS minima, but just new minima lying on a different branch in the landscape.
As mentioned, the motivation for moduli stabilization in the flux-scaling scheme was the stringy realization of axion monodromy inflation. Therefore, having now two possible ways of uplifting available, we also revisit the problem of realizing axion monodromy inflation. We still find that for integer quantized fluxes, it is persistently difficult to obtain all mass scales in the right order, namely
where θ denotes the inflaton. However, it is known that the perturbative corrections to the prepotential of the complex structure moduli lead to a redefinition of the fluxes so that some of them become rational numbers. Phenomenologically scanning over such rational values, we identify a model in which the above hierarchy is indeed fulfilled. This paper is organized as follows: In section 2 we briefly review type IIB orientifolds on Calabi-Yau three-folds with various geometric and non-geometric fluxes turned on. In the main section 3 we present examples of uplifted fluxscaling vacua. We discuss one model with an D3-brane uplift and another with a D-term uplift. We also show that by changing the warp factor for the former example, one can interpolate between AdS and dS vacua. In section 4 we analyze the realization of axion monodromy inflation in the model with D-term-uplift.
The flux-scaling scenario
In this section, we first review the salient features of the moduli stabilization scheme introduced in [4] . For more details of this construction we refer the reader to the original literature.
The starting point are orientifolds of the type IIB superstring compactified on Calabi-Yau three-folds with non-vanishing (non-)geometric fluxes turned on. Such models have indeed been investigated before [64] [65] [66] [67] [68] . The orientifold projection is Ω P (−1)
F L σ where σ acts such that there are O7-and O3-planes. For vanishing fluxes, the massless spectrum comprises h
− complex structure moduli U i and h
2,1 +
abelian gauge fields A j resulting from the dimensional reduction of the R-R fourform C 4 on three-cycles of the CY [69] . In addition the dilaton and the R-R 0-form give the chiral axio-dilaton, defined as S = e −φ − iC 0 in our conventions. The various fluxes appear in a twisted differential acting on p-forms. This differential contains the constant fluxes H, F , Q and R, and is given by
where the operators entering in (2.1) act as
For the different forms in a CY three-fold this action can be specified by [66] 
with Λ = 0, . . . , h 2,1 and A = 0, . . . , h 1,1 . For the H-and R-flux we further use the conventions
We also defineω 0 = 1, and
is the volume of the CY three-fold M.
Imposing the nilpotency condition of the form D 2 = 0 leads to Bianchi identities for the fluxes. In this way we obtain 0 =q
(2.5)
Implementing the orientifold projection, the invariant fluxes are − . Note that in [4] , the construction was restricted to the case h 21 + = 0, whereas here we also consider h 21 + > 0. In fact, as shown in [23] , the fluxes with index λ contribute to an F-term scalar potential whereas the fluxes with indexλ contribute to a positive definite D-term potential.
For moduli stabilization, we allow all orientifold even fluxes, only subject to the Bianchi identities. The superpotential generating the F-term potential takes the form [65, 66] 
with the complex multiform Φ ev c = iS − iG a ω a − iT αω α . Using (2.3) the superpotential can be further evaluated as
where the periods X λ , F λ of the holomorphic 3-form Ω are computed from the tree-level cubic prepotential F =
The tree-level Kähler potential in the large complex structure limit can be expressed as [69] 
(2.9)
Here V = 1 6 κ αβγ t α t β t γ denotes the volume of the CY three-fold in Einstein frame. For future reference we also record the expansions of the Kähler and NS-NS 2-forms, respectively J = e φ/2 t α ω α and B 2 = b a ω a . In [23] , it was explicitly shown that the F-term scalar potential 10) resulting from the Kähler potential and superpotential reviewed above, is related to the one obtained via dimensional reduction of double field theory on a Calabi-Yau three-fold with (non-)geometric fluxes. Moreover, the potential is related to N = 2 gauged supergravity [22] . More concretely, taking the orientifold projection the latter scalar potential splits into three pieces
where V F is precisely the F-term scalar potential (2.10). V NS tad is the NS-NS tadpole that will be cancelled against the tension of the branes and orientifold planes, once R-R tadpole cancellation is taken into account. V D is an additional D-term potential
that results from the abelian gauge fields for h 2,1 + > 0. Adjusting the results in [23] to the present conventions, the D-terms Dλ in Einstein frame are given by
We have setrλ =qλ a =fλ α = 0. In [4] , assuming h 21 + = 0, the F-term scalar potential V F was investigated in detail, and particular attention was paid to so-called scaling type minima, in which W contained only n + 1 terms for a model with n superfields. This ansatz led to solutions where the fixed moduli, as well as the resulting moduli mass scales, could be expressed as simple quotients of fluxes. This allowed to gain parametric control over certain mass scales which was important for the realization of F-term axion monodromy inflation. All scaling vacua of this type were stable non-supersymmetric AdS minima, for which the existence of an uplift to Minkowski/de Sitter was just assumed. However, for a simple concrete model it was shown that a simple upliftà la KKLT does not really work, as the additional D3-brane contribution to the scalar potential destabilized the vacuum. In the following section, we will show that for concrete simple examples Minkowski/de Sitter minima exist featuring also the nice scaling type behavior.
Non-geometric S-dual P -form fluxes
After adding the non-geometric Q-fluxes, the superpotential (2.8) is no longer covariant under S-duality transformations. It has been proposed that this covariance can be restored by including non-geometric P -fluxes, which transform together with the Q-fluxes as a doublet of the SL(2, Z) duality group [70] . Similar to the Q-flux, the P -flux is defined as a map 14) and the action of P on the symplectic basis is specified by
The extended superpotential is derived requiring that it transforms properly under S-duality. Taking also into account the geometric moduli G a it is given by [4]
which after integrations yields
where W is shown in (2.8).
In this paper we will restrict attention to examples with h 1,1 − = 0 so that the geometric G a moduli contribution to the scalar potential is absent. The Bianchi identities in this case were discussed in [70] . For our purposes we can take a pragmatic approach and notice that in general the only non-trivial constraint with NS-NS and Q-fluxes comes from the last equation of (2.5) and is just
Performing an S-duality transformation then leads to the generalized Bianchi identityp
Here we have used that both (P, Q) and (F, H) fluxes transform as an SL(2, Z) doublet.
Mass Scales
Before turning to the uplift analysis in the next sections let us state our conventions and notation for the different mass scales. For the Planck mass we take M Pl ∼ 2.435 · 10 18 GeV, and for the string mass M s = (α ) 1/2 . In terms of M Pl , the string and Kaluza-Klein scales are given by 20) where s = e −φ and V is the volume of the Calabi-Yau manifold in Einstein frame in string units. The moduli masses are determined by the eigenvalues of the canonically normalized mass matrix, which is defined as
where
Finally, the gravitino mass reads
where K 0 and W 0 stand for the Kähler and superpotential evaluated at the minima.
Uplifting to de Sitter
In this section we investigate whether, by adding additional positive definite contributions to the F-term scalar potential, one can directly find scaling type, non-supersymmetric metastable minima that are of de Sitter or Minkowski type.
Recall that in the KKLT [25] or LARGE volume scenario [71, 72] , one starts with an AdS minimum and adds the contributions of an D3-brane in a warped throat. By varying the coefficient of this contribution, i.e. the warp factor, one can continuously shift the cosmological constant in the minimum from the negative AdS value to positive dS values. In the first part of this section we analyze (in a concrete example) the effect of adding an D3-brane to the F-term flux-induced potential.
In (2.11) we have recalled that for h 2,1 + > 0 the scalar potential receives an additional positive definite D-term contribution (2.12). Thus, it is tempting to try to uplift an AdS minimum by also turning on the fluxes contributing to this D-term. We will analyze this question in the second part of this section.
Uplift via D3-brane
The common mechanism to uplift AdS vacua preserving stability is to introduce an D3-brane at a warped throat [25, 73] . This generates a contribution to the scalar potential of the form
with A a positive constant depending on the warp factor in the throat. Let us now consider a concrete example showing what will happen with a scaling type minimum after including the D3-brane contribution to the scalar potential.
A stable AdS minimum
Consider a CY manifold with h 2) and the defining superpotential is given by
According to (2.8), f 1 = f ,h 1 = −h and q 0 1 = q. In the following we will also denote S = s + ic, T = τ + iρ and U = v + iu.
In absence of the D3-brane there is a completely stable supersymmetric AdS vacuum of scaling type. The axionic moduli are fixed at ρ = c = u = 0 , whereas the saxions are fixed at
To be in the physical regime we choose fluxes such that
To stay consistently in the perturbative regime, one can choose |f | 1 and all other fluxes O(1). The value of the scalar potential at the minimum is given by
The normalized moduli masses are found to be The first three entries are saxionic while the last three are axionic. Thus, the lightest state is axionic.
Uplift to a Minkowski minimum
Now, we add the uplift term in (3.1) for an D3-brane in the throat. Searching directly for a stable Minkowski minimum with the axions kept at the origin, one finds one, in which the saxions are shifted to
The warp dependent parameter A is determined to be
Clearly to have positive saxion vacuum expectation values in the minimum, the fluxes can be chosen in the regime
As a consequence, one gets A > 0, as it should be. Since the sign of f is different from the supersymmetric AdS minimum, it is clear that this Minkowski vacuum is not literally a continuous uplift of the former, but constitutes a new non-supersymmetric, still scaling type, Minkowski vacuum. After the uplift, the normalized masses have the same flux dependence (3.7) as in the AdS vacuum, though the numerical coefficients change to µ i = {0.8034, 0.4868, 0.03942; 1.5559, 0.2116, 0.0811} .
(3.12)
Observe that now the lightest state is a linear combination of saxions. Utilizing the expressions given at the end of section 2, let us compute the other relevant mass scales. The gravitino mass has the same scaling behavior as (3.7) with coefficient µ 3/2 = 0.3135. Moreover, the Kaluza-Klein and string scales are given by
so that the relevant ratios are determined as
Therefore, taking h, q ∼ O(1) and h 0 ∼ f 1 we get that parametrically the moduli are in their perturbative regime and that parametrically one can achieve the mass hierarchy M s p M KK p M mod , which is important for self-consistency of our approach. Notice that for h 0 1 we also obtain A 1. Another characteristic feature of this model is that the fluxes do not contribute to the D7-brane tadpole whereas
Notice that, while in the supersymmetric AdS vacuum N D3 < 0, in the Minkowski minimum N D3 > 0. Increasing f clearly gives a larger flux tadpole. This example shows that adding an D3-brane to the fluxed CY manifold the scalar potential admits new stable scaling type Minkowski vacua. Such vacua could serve as the starting point for the realization of F-term axion monodromy inflation along the lines proposed in [4, 21, 74] .
Uplift to a de Sitter minimum
By choosing the parameter A in the D3-brane potential larger than (3.10), one expects to also get a de Sitter vacuum. Let us analyze this in an expansion in Λ = V 0 , i.e. the value of the scalar potential in the minimum. Indeed changing the value of A, in the minimum, the axions are kept at the origin while the saxions shift to
The parameter A is determined to be
In figure 1 we display the form of the potential for a choice of parameters leading to a de Sitter minimum. Even though, for simplicity, only the dependence on a single variable (here τ ) is shown, the plot shows the expected behavior that is also familiar from KKLT. In particular, the dS minimum is only metastable as the potential goes to zero for large τ . The upshot is that for small |Λ| one can continuously interpolate from an AdS to a dS minimum. At certain critical values of |Λ| the vevs for the saxions in (3.16) can become negative and therefore unphysical. The normalized masses also get corrected at linear order in Λ Note that the linear contribution of a positive cosmological constant decreases the mass of all the moduli. Thus, for too large Λ, we expect the appearance of tachyonic states. The Kaluza-Klein and string scale also receive corrections so that the relevant ratios become
Thus we conclude that the scaling behavior for all quantities is corrected at subleading order in Λ.
D-term uplift
In this section we investigate a second possibility for uplift, namely by taking the naturally appearing D-terms (2.12) into account. These positive semi-definite contributions do only depend on the saxionic modes and therefore do not change the axion stabilization. For concreteness, we consider a model with Hodge numbers h 
where r = f1 0 , g = f1 1 , and δ is an unphysical positive constant which can be absorbed in a redefinition of the fluxes. The superpotential leading to an additional F-term potential V F is chosen to be
where we redefined f 1 = −f,f 0 =f, h 0 = −h and q 0 1 = −q. After imposing the Bianchi identities (A.9), the D-term becomes
The total scalar potential V = V F + V D , by a suitable choice of δ, admits a tachyon-free (stable) Minkowski minimum with axions fixed at 25) and saxions at 26) while the constant δ is given by
The numerical coefficients above are γ i = {0.1545, 1.5761, 1.0318, 0.0044} . 
The ratio of the KK and string scale is
We can guarantee that M s > M KK for h > q and M KK > M mod for f f . Therefore, in the perturbative regime the KK scale is parametrically heavier than the moduli mass scale. Since we have in addition one massless axion, this model is a good starting point for realizing F-term axion monodromy inflation.
Axion monodromy inflation
In this section we study the inflaton potentials resulting from the Minkowski models obtained by including the D-term generated by non-geometric fluxes. One important difference to the analysis in [4, 21] is that now the uplift to zero or positive cosmological constant is not done by hand. Recall that to guarantee the consistency of the effective field theory approach as well as to realize a model of single field inflation, one has to stabilize the moduli such that the following hierarchy of mass scales is realized
where H inf is the Hubble scale during inflation and
inf the mass scale of inflation. Assuming a constant uplift, it was demonstrated in [4] , how difficult it is to obtain such a hierarchy.
Effective field theory approach
For the model in section 3.2 with the D-term uplift, we have one unstabilized and therefore massless axion. According to [4, 21] we can try to generate a parametrically small mass for this axion by turning on additional fluxes and scale the former fluxes by a parameter λ. A good candidate for the extra flux is a P -flux [70] so that we now take the extended superpotential
where W 0 is given in (3.23) . Note that the full set of fluxes in W is not constrained by Bianchi identities. The new superpotential generates an F-term scalar potential in which the former terms scale with λ 2 . In the large λ limit we would like to get the old minimum. To this end we scale the D-term potential as
Here we have split δ into δ 0 given by the former value (3.27) plus a correction term ∆δ needed to guarantee a Minkowski minimum also after including the P -flux. We will assume that λ is large and work in a 1/λ expansion. The leading order contribution to the shift in the uplift parameter turns out to be
Assuming λ sufficiently large we can also integrate out the heavy moduli and derive an effective potential for the former massless axion which is the orthogonal combination to Θ in (3.25) . Since at the minimum Θ = 0 we can take this axion to be θ = c. Integrating out the heavy moduli we obtain the effective quartic potential
with
For sufficiently large λ, one can ensure that the quadratic term is dominant for say θ of O(10), as needed for large field inflation. After canonical normalization, we can compute the mass of the inflaton. For the ratios of mass scales we find
Clearly, as long as all these fluxes are positive integers and λ large, it is in principle impossible to have both mass ratios larger than one, as desired. Note that this problem was already encountered in [4] . One potential loophole in this no-go result is the assumption that all fluxes are integer quantized. In fact, as also realized in [74] , the prepotential for the complex structure moduli in the large complex structure limit is subject to perturbative and non-perturbative corrections, which take the general form (see for instance [75] )
with the usual cubic term F =
Here, the constants a ij and b i are rational numbers, while γ is real. From the point of view of the mirror dual threefoldM , they are determined as
with the second Chern class c 2 (M ), the Euler number of the internal space χ(M ) and a basis of harmonic (1, 1)-formsω i . These constants can be smaller than one, but not arbitrarily small. Note that when evaluating the superpotential (2.8), the corrections a ij and b i can be incorporated by the following shifts in the fluxes
Recall that the purely imaginary contribution iγ corresponds to α -corrections to the Kähler potential for the Kähler moduli in a mirror-dual setting. In the large complex-structure regime we are employing here, these corrections can be neglected. Similarly, in this regime also the non-perturbative corrections F inst. are negligible. To summarize, the polynomial corrections to the prepotential can be incorporated by a rational shift in the fluxes. This at least motivates the numerical approach to be adopted in the following section 3 .
Numerical analysis of inflation
Instead of pursuing an effective approach, as in the previous subsection, we now follow an exact, though numerical, approach to analyze the same model. In practice we choose initial (phenomenologically motivated) values of the fluxes, compute the exact scalar potentials in terms of all moduli fields and then look numerically for stable Minkowski minima. We are particularly interested in determining whether there exists a choice of (rational) fluxes so that we can concretely realize the hierarchy of mass scales shown in (1.1). In figure 2 we display, for a certain choice of fluxes, the behavior of some relevant mass ratios as the scaling parameter λ is varied. From figure 2 we conclude that for all values of λ the KK and string mass are separated by a factor of O(10). Moreover, the heaviest moduli mass is lower than the KK scale by a factor of O(10 2 ) for small λ whereas even for values of λ ∼ 30, the heaviest moduli mass is lower than the KK scale by a factor of O(10). Thus, we have control over these scales with hierarchy
(4.12)
The axions are fixed at
whereas the saxions vary with λ as shown in figure 3 for the same fluxes as in figure 2 a) We observe that as λ increases the saxionic vevs increase so that we can trust the perturbative expansion for all λ. Let us mention that for λ < 5 tachyons appear in the spectrum that are not shown in figure 2 . Finally, for all λ the lightest state is related to the axion c and its mass is smaller than the next heavier state by a factor of O(10 2 ). In the following will consider c as the inflaton candidate.
Next, for the values of fluxes shown above and choosing λ = 10, we consider the backreaction effect [76] of the slowly rolling light axion θ = c. The main task is to solve the extremum conditions ∂ i V = 0 to obtain the saxions as functions of θ. Due to the complexity of the scalar potential we can only perform a numerical analysis. Fixing all the heavy moduli at the minimum, the effective scalar potential turns out to be
where B · 10 14 = {2.8711, 6.8314 · 10 −6 }. Thus, the quartic term is suppressed by a factor of O(10 −6 ), and the effective scalar potential for sufficiently small θ has a quadratic behavior. To have a Minkowski vacuum it must be δ · 10 7 = 6.0647. Figure 4 shows the scalar potential including the backreaction, together with the effective scalar potential given in (4.14) . From figure 4, we observe that near c = 0 both potentials match, while the backreaction modifies the shape of the scalar potential for larger values of the inflaton θ, producing a plateau-like behavior.
In order to compute the cosmological quantities n s , , η and N e , we first calculate the slow-roll parameters and η as in [21] . Recall that for the Lagrangian given by eq. (4.14) for h = 1/220,f = 1/1810, f = 6/49, q = 1/8, g = 1/10, p = 1/10000 and λ = 10.
2 (∂θ) 2 + V (θ) the slow-roll parameters are given by
The end of inflation is determined by the point on the moduli space in which the slow-roll conditions are violated, i.e. ∼ 1. The starting point for the inflationary trajectory is chosen in such a way that n s = 0.9667 ± 0.004 [77] . The e-foldings as well as the tensor-to-scalar ratio are then derived from (4.16) evaluated at the pivot scale θ * . The value of the amplitude of the scalar power spectrum reported experimentally is P = (2.142 ± 0.049) · 10 −9 , and it is determined from the Hubble scale and at the pivot scale by
From this expression one derives the Hubble scale during inflation. For the choice of fluxes mentioned above, we get the inflationary parameters in table 1. Thus, for 9.44 < θ < 104 one collects 60-efoldings for the reported spectral index n s . From table 1 we obtain the hierarchy of mass scales
with all individual scales showing the expected value. The value for the tensorto-scalar ratio lies on the boundary of being ruled out experimentally and is a bit Table 1 : Summary of inflationary parameters for λ = 10.
smaller than the value for quadratic inflation. For the same model, in Appendix B we consider a different value of λ leading to a lower value of r. This numerical example shows that by allowing rational values of the fluxes, in particular those smaller than one, it is in principle possible to freeze all moduli such that the above desired hierarchy of mass scales is realized. Of course for a concrete Calabi-Yau manifold the parameters for the polynomial terms in the prepotential (4.9) are fixed and therefore the admissible fluxes are more constrained than assumed in our phenomenological study. In particular, non-vanishing fluxes could not be smaller than |1/24| and the fluxf according to (4.11) would still be an integer.
Conclusions
The previous work [4] proposed a scheme of high scale moduli stabilization, designed to realize axion monodromy inflation. All minima discussed there were of AdS type and thus had a negative cosmological constant. The main aim of this paper was to build more realistic models by identifying working uplift mechanisms. We considered two possible energy sources contributing a positive semi-definite term to the scalar potential, namely an D3-brane or a D-term induced by geometric and non-geometric fluxes for non-zero h 2,1 + . Both approaches did not uplift initial flux-scaling minima, but rather led to new de Sitter and Minkowski minima still of flux-scaling type.
We explored to what extent the uplifted models could serve as starting points for the realization of axion monodromy inflation with a parametrically controlled hierarchy of induced mass scales. As in the previous study, we found that the required hierarchy among the KK scale, the moduli mass scale and the axion mass scale was not achieved as long as we insisted on integer fluxes. Recalling that the perturbative corrections to the prepotential of the complex structure moduli effectively lead to a redefinition of the fluxes, we performed a numerical model search admitting also rational values of all fluxes. In this way we pinpointed two examples where all the desired properties could be fulfilled.
This last result should be considered as an interesting observation. Clearly, we are still far from a fully fledged string theory model. A concrete Calabi-Yau manifold with an orientifold projection has not been specified. Moreover, it has not been established conclusively that the considered vacua of four-dimensional gauged supergravity do uplift to full solutions of ten-dimensional string theory.
A D-term potential from h 2,1
+ vector multiplets
As we have seen in section 3.2, the D-term potential (2.12) can be used to uplift the cosmological constant to zero. In this appendix we will discuss the form of this D-term in some detail.
We focus on the case h 
where N = N11 will be determined shortly, and D1 reads
Here we have used V = 1 6 κt 3 , T + T = κt 2 = 2τ , and s = e −φ . Let us now compute the remaining ingredient Im N . As explained in [69] , when properties of the orientifold projection are taken into account, the relation between the relevant period matrix elements and the prepotential reduces to Nλσ = Fλσ .
(A.4)
In the right hand side the complex structure deformations associated to h 2,1 + are set to zero. Working in the large complex structure limit the prepotential in our case can be expressed as 5) where X = X 1 and Z = X1. The form of the cubic prepotential follows imposing that under the orientifold involution X and X 0 are even, whereas Z is odd. The complex structure parameter associated to h Recall also that the Kähler potential for the complex structure sector is given by K cs = − log −i X Ω ∧ Ω . In our model we obtain K cs = −3 log U + U , for λ = 0, 1.
B A second example of axion inflation
Let us consider the same model as in section 4 but choose the limit case with λ = 5. Recall that for λ < 5, tachyons appears on the spectrum. As in the previous case, the lightest state is axionic and related to θ = c. given by eq. (4.14) for h = 1/220,f = 1/1810, f = 6/49, q = 1/8, g = 1/10, p = 1/10000 and λ = 5.
For this limit situation we have, as shown in figure 2 , a greater separation between the KK scale and the string scale, while the vev's for the moduli are kept in the perturbative regime. The effective scalar potential for λ = 5 has the form (4.14) with coefficients B · 10 14 = {1.3607, 1.2675 · 10 −5 }, so that it effectively behaves as a quadratic potential near the origin (see figure 5 ). In this case a Minkowski vacuum is obtained taking δ · 10 7 = 4.2004. As expected, for lower values of λ the flattening effect of the backreaction becomes more important. In table 2 we display the relevant cosmological parameters for λ = 5. We find a similar pattern as in the model presented in section 4.2, but now the number of e-foldings is fairly large, while the tensor-to-scalar ratio is almost as low as for the Starobinsky model. That by decreasing λ the model changes from quadratic to plateau-like inflation has also been observed in [21] . Table 2 : Summary of inflationary parameters for λ = 5.
